
Antibody Uses Mimicry to Block  
SARS Coronavirus
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The challenges of SARS  
and MERS

Severe acute respiratory syndrome 

(SARS) emerged in 2002, spreading across 

the globe and resulting in 8,000 infections 

and nearly 800 deaths. Middle East respi-

ratory syndrome (MERS) emerged in 2012 

and caused numerous outbreaks, with  

a fatality rate of 35%. Currently, there are 

no specific treatments or vaccines for 

viruses of this type (i.e., coronaviruses). 

Their effects range from mild cold-like 

symptoms to life-threatening pneumonias. 

In bats and other animals, coronaviruses 

with high genomic similarity to the 

human-infecting strains are constantly 

circulating, increasing the likelihood of 

future cross-species transmission. And 

although coronaviruses are genomically 

related, functionally they can be quite 

specialized. For example, antibodies that 

work against SARS won’t necessarily work 

against MERS, and vice versa.

A crown of spikes

Coronaviruses are so named because 

they are covered with spike proteins—

projections that give the appearance of  

a crown-like halo. These spikes facilitate 

fusion of the virus with a host cell, the first 

step in enlisting the cell’s machinery for 

replication. In overall architecture, spike 

proteins are trimers (i.e., composed of 

three identical subunits, or protomers) 

present in a metastable pre-fusion confor-

mation at the virus surface before infec-

tion. The tip of each protomer contains  

a receptor-binding domain that attaches 

to receptors in the host-cell membrane, 

and each receptor-binding domain can be 

in an open or closed state. In addition, the 

spikes are “decorated” with carbohydrates 

(glycans) that provide camouflage from 

the host’s immune system. Since fusion 

with host cells is the first step in infection, 

the spikes are prime targets for both anti-

bodies and vaccines.

A trio of techniques

To better understand how coronavirus 

antibodies work, a team of researchers 

studied spike protein structures in 

complex with neutralizing antibody  

fragments (Fabs) isolated from SARS  

and MERS survivors. First, they used 

cryo-electron microscopy (cryo-EM) and 

mass spectrometry to analyze the viruses’ 

extremely heterogeneous glycan shields. 

Then, to visualize how the spike structures 

interact with the Fabs, they used  

a combination of cryo-EM for the spikes 

(which are resistant to crystallization)  

Scientific 
Achievement
Protein structures not only revealed 
how SARS and MERS antibodies 
inhibit the viruses from attaching to 
host cells, they also revealed an 
unprecedented example of receptor 
mimicry that triggers the cell-inva-
sion machinery of the SARS virus.

Significance  
and Impact
The results, obtained with the aid of 
protein crystallography experiments 
at the Advanced Light Source (ALS), 
inform efforts to prevent and treat 
these serious, often deadly, respira-
tory diseases.

An artist's depiction of receptor mimicry. A SARS antibody (purple) mimics the function of the virus’s 

natural receptor (teal), prematurely triggering (and thus deactivating) the mechanism that enables 

the SARS virus to infect a cell. (Credit: Jon Klein/jonkleinart.com)
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To invade a cell, the SARS coronavirus (SARS-CoV) must fuse with the membrane of  

a host cell. Normally, this fusion is facilitated by the binding of an ACE2 receptor (teal) 

to the SARS spike protein, which leaves the spike in a post-fusion conformation. 

However, binding of the neutralizing S230 antibody (purple) mimics the effects of ACE2 

and also leads to the post-fusion conformation.

Orthogonal views of the SARS spike protein (the three 

protomers are colored light blue, plum, and yellow) in complex 

with three neutralizing Fabs (purple/pink), from combined 

cryo-EM and crystallography data.

and protein crystallography for the Fabs, 

fitting the Fab crystal structures into the 

cryo-EM maps. For the SARS complex  

in particular, which displayed a higher 

degree of structural variability, interpreta-

tion of the cryo-EM structure in the anti-

body region would not have been possible 

without the crystal structures. The high- 

resolution x-ray crystallography was 

performed at ALS Beamline 5.0.1, part of 

the Berkeley Center for Structural Biology.

One neat antibody trick

The results showed that the MERS 

antibody is a potent inhibitor that inter-

acts with the spike proteins. While the 

same is true for the SARS antibody,  

the researchers also discovered an 

unprecedented example of functional 

mimcry: the SARS antibody was found to 

induce structural changes in the spike 

similar to those produced by its natural 

receptor (ACE2), changes known to be 

necessary for initiating membrane fusion. 

Because viruses are machines designed  

to work only once, triggering these 

changes before attachment to a host cell 

would effectively neutralize the virus.  

In general, the results provide valuable 

insights into how antibodies confer  

broad protection against coronavirus 

strains and inform efforts to prevent  

and treat these serious, often deadly,  

respiratory diseases.


